Abstract: Cyanocrylates have been widely used in the medical and dental fields for several years. In Dentistry, cyanoacrylates have been used for suturing, pulp capping, as retrofilling material in endodontic surgeries, and as cervical plug for pulpless teeth bleaching. The biocompatibility of these adhesives has been the topic of many researches and subcutaneous implantation is an effective methodology for these studies. The present study evaluated the biocompatibility of three different cyanoacrylate-based adhesives. Thirty-six Wistar rats were used, divided into four groups of 9 animals each: A (control) -distilled water, B -cyanoacrylate ester (Super Bonder), C -n-butyl-cyanoacrylate (Histoacryl) and D -alpha-cyanoacrylate (Three Bond). The materials were dispensed in sponges of polyvinyl chloride, the animals were incised and the sponges were inserted in the subcutaneous tissue and sutured. Each group was sub-divided according to the time of sacrifice of the animals: 7, 21 and 45 days. Subjective analysis of the histologic material showed that all groups presented some degree of irritability, but the inflammatory reaction decreased with the experimental time in all groups. Group D showed an inflammatory reaction which was closer to that of the control group and was considered to have good biocompatibility. Groups B and C were similar and presented more aggressive inflammatory reactions when compared to the control group. Based on the results, it was concluded that alpha-cyanoacrylate (Three Bond) was the most biocompatible adhesive because it caused the lowest levels of inflammation.
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Introduction
Ideally, every material that is in contact with living tissue must be biocompatible. New materials are constantly being released and demand research to evaluate their properties and commercial viability.
Cyanoacrylates have been used in medicine and dentistry for several years. 1 It has been proved by many studies that these adhesives can be safely used in sutures, [2] [3] [4] [5] [6] as well as for pulp capping, 7 and retrofilling material in endodontic surgeries. [8] [9] [10] Their use is recommended for their hemostatic and antiinflammatory features and also for their high adhesion ability in a moist environment.
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Concerning biocompatibility, the subcutaneous implantation in animals is the most used methodology due to the following advantages:
it does not require a large area for the animals; easy maintenance of the area; simple methodology that does not involve hard tissues, accelerating the laboratorial process; allows to compare the tissue response in the same animal; low costs.
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Several authors have employed the subcutaneous implantation test to assess the biocompatibility of different products. [13] [14] [15] [16] As cyanoacrylates can be widely employed in dentistry and they may present some variations in their chemical components, the aim of this study was to analyse the biocompatibility of three cyanoacrylate-based adhesives in subcutaneous tissue.
Material and Methods

In vivo analysis (tissue response)
Thirty-six Wistar rats (Rattus norvegicus albinus) weighing between 200-250 g were used in this study. The animals were anesthetized prior to surgery (Xylazine, Bayer, São Paulo, SP, Brazil; and Ketamine, Parke Davis Ache, São Paulo, SP, Brazil -0.1 ml for each 100 g) and were subjected to hair removal of the dorsal area, followed by disinfection with 0.3% iodated alcohol. The animals were divided into groups according to the cyanoacrylate tested ( Table 1) . The substances were dispensed in polyvinyl chloride (PVC) sponges. Three drops of each substance were deposited in the respective sponge.
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An incision was made with surgical scissors and each sponge was implanted 15 mm deep into the subcutaneous tissue of the rat dorsal area. After implantation, the incision was sutured and the animals were kept under observation.
The animals were euthanized with an anesthetic overdose after 7, 21 or 45 days of sponge implantation. The skin containing the sponges and the surrounding tissues were cut and immersed in 10% formaldehyde for 48 h. After rinsing, the specimens were covered with paraffin, cut into 5 m sections and dyed with hematoxylin-eosine for histological analysis.
The qualitative analysis of the histological sections was done considering the inflammation level and absence or presence and predominance of cell types. The images were submitted to analysis in microscopy (40 X) (Carl Zeiss AG, Jena, Germany) regarding polymorphonuclear (PMN) inflammatory infiltrate, blood vessels, hyperemia and edema (acute inflammation features) and mononuclear (MN) inflammatory infiltrate (lymphocytes, plasmocytes and macrophages). The presence of fibroblasts and less vascularization and edema represented a chronic inflammatory reaction. Another feature analysed was the presence of new-formed blood vessels, which suggests a healing process at the first period, as well as the presence of giant cells and granulomas.
The areas for analysis were selected regarding the phenomena described above, using 20 serial cuts.
Results
The qualitative analysis showed that at 7 days, groups B and C exhibited characteristics of intense acute inflammation while groups A and D showed discrete inflammatory reaction. At 21 days, group A showed MN inflammatory infiltrate, fibrosis, granulomatous tissue with several cells and hyperemic blood vessels. Every experimental group showed more intense inflammatory reactions when compared to group A (control), but with differences among them. Group D had a discrete inflammatory infiltrate, presence of granulomatous tissue and some granulomas. The mild response in group D was similar to that of group A. Group B showed some areas of PMN infiltrate and intense MN infiltrate at the peripheral area. Group C showed discrete inflammatory infiltrate near the cavity where the material was deposited and at the peripheral area some granulomatous tissue was identified such as a discrete spot of PMN as shown in Figure 1 . An inflammation intensity decrease was noticed in all experimental groups, but group D showed better resolution when compared to the other two groups, which were very similar.
After the 45 day period, group A showed a well organized cavity, filled by mature granulomatous tissue and fibrosis, representing a high level of biocompatibility. Group D presented a cavity with discrete MN inflammatory infiltrate, granulomatous tissue rich in blood vessels, fibroblasts and granulomas. Groups B and C were alike, with moderate inflammatory infiltrate, mainly MN with a few PMN cells in the cavity and at the peripheral area where there was also granulomatous tissue with vascularization and cells with discrete fibrosis (Figure 2 ).
Discussion
Every material for biological use has to be biocompatible. Some studies have been done to assess the biocompatibility of cyanoacrylates both in vivo 7, 17 and in vitro. 10 However, these adhesives can This study evaluated the biocompatibility of cyanoacrylate-based materials by examining their inflammatory reactions after periods of 7, 21 and 45 days after subcutaneous implantation in the dorsal area of rats. This type of subcutaneous implant is widely used and easily reproduced. [13] [14] [15] [16] Acute inflammatory reaction is followed by a chronic inflammatory reaction, if the stimulating agent is not destroyed and eliminated. The longer the acute phase lasts, the more aggressive the agent is. If the stimulating agent still remains, some vascular changes occur and the predominant cell types are macrophages instead of neutrophils or PMN, cells that are typical of the acute phase. The interpretation of vascular phenomena and cell types involved permitted a good evaluation of biocompatibility of the materials tested. When adhesives are compared to conventional methods for closing incisions, they seem to show better results regarding inflammation reactions. Other authors had good results when assessing the biocompatibility of cyanoacrylates and the period for analysis was relevant like in this study. 18, 19 Since the beginning, group D showed more biocompatibility features, similar to those of the control group. Distilled water was used in the control group because it is highly biocompatible. Azevedo et al. 10 (2003) also compared three cyanoacrylate-based adhesives and the results were similar among the groups after the long-term experimental period. However, after the short period, n-butyl-cyanoacrylate and Although all groups presented different levels of inflammation, the reactions decreased as time progressed. Other authors also reported that the period of time was important to the healing process. 18, 19 It was observed that the time was relevant and the inflammation decreased with time in all groups. The healing process occurred more easily in groups A and D, which exhibited organized granulomas and decreasing vascular intensity and cellular phenomena. Groups B and C after 45 days still presented some areas of PMN cells and chronic inflammation and exhibited no cellular organization, no granuloma formation and showed a more intense inflammatory reaction according to the criteria used.
Conclusions
Based on the results, it was concluded that the alpha-cyanoacrylate (Three Bond) was the most biocompatible adhesive due to the lowest levels of inflammation.
